The aim of this study was to investigate the influence of Al nanoscales colloidal solutions on buckwheat seedlings and to determine their dose-dependent effects on Al-resistant plant species.
Materials and methods. A colloidal solution of Al nanoscales was obtained by the electric-sparkle dispersing of an electric-conductive layer in water [4] . Submicron metal particles in water suspensions were obtained by the method of volumetric electric-spark destruction of metal granules. The pulse power source (thyristor pulse generators with a storage capacitor) was used to initiate the discharge and simultaneous formation of spark channels in contacts between the metal granules dipped into deionized water. The transformation of a liquid to vapor and its condensation with the following crystallization results in the creation of a fraction with size from 10 to 100 nm.
Seeds of common buckwheat (Fagopyrum esculentum Moench. cv. Rubra) were germinated in dark at 25 °C in Petri dishes with deionized water. After 2 days, seedlings were transferred in pots with sterilized sand and half-diluted Knop solution (pH 5. The investigated morphological parameters included the plant total length (TL), fresh biomass (FB), dry biomass (DB), and relative water content of leaves (RWC) [5] . The contents of photosynthetic pigments were determined by measuring the alcohol extract optical density at 662 nm for chlorophyll a, 644 nm for chlorophyll b, and 440.5 nm for carotenoids [6] . FolinCiocalteu reagent was used to determine the total phenolic content [7] . Rutin as the dominant phenolic substance in buckwheat plants was used to standard the curve construction; absorbance was measured at 765 nm [8] . Total anthocyanin was extracted and estimated by the method of Beggs and Wellmann with some minor modifications [9] . Absorbance was measured at 530 nm. Quantity of anthocyanin was calculated with using cyanidin-3-glucoside coefficients -the major anthocyanin in buckwheat (molar extinction coefficient of 26 900 L cm -1 ·mol -1 and molecular weight of 449.2 g·mol -1 ). All spectrophotometric assays was measured using a spectrophotometer UV-1800 "Shimadzu" (Japan). Microsoft Excel 2010 was used for the data statistical analysis. Duncan's multiple range test was used to evaluate the data. The results are expressed as the mean ± standard deviation, unless noted otherwise. Values of P 0.05 were considered significant.
Results and discussion. Nowadays, the Buckwheat genus (Fagopyrum Mill.) is one of the most studied Al-resistant crops due to its Al-hyperaccumulating capability [10] . Analysis of the results of morphological traits showed that the total plant length, fresh and dry biomasses per plant were increased in variants with 50 and 250 mg/L of Al nanoscales. Addition of higher concentrations of nanoparticles (500, 750, and 1000 mg/L) led to a decrease of the plant growth parameters. Fluctuation of leaf RWC in variants with 50 and 250 mg/L of Al nanoscales was not detected. Level of RWC in leaves in variants with 500, 750, and 1000 mg/L of Al nanoscales showed a significant increase of the water deficit (Table) .
The whole plant growth fluctuation under nanoscales treatments is the most evident trait of the plant functional status and becomes a useful bioassay due to its normativity, simplicity, nondestructivity, and sensitivity [11] . In turn, RWC is probably the most appropriate trait of the plant water balance in terms of the physiological consequence of a plant water deficit, since water accounts for 80-90 % of the fresh weight of most herbaceous plant structures. Analysis of morphometric results considered that the addition of Al nanoscales in concentrations of 500, 750, and 1000 mg/L was perceived as a stress condition accompanied by the growth inhibition and water balance disruption. Low concentrations of Al nanoscales (50 and 250 mg/L) led to the fresh and dry biomass accumulation and did not cause changes in the water status of treated plants. Our study showed a significant fluctuation of the photosynthetic pigment content under the Al nanoscales treatment (Fig. 1) .
Morphological traits of buckwheat seedlings under the treatment with colloidal solutions of Al nanoscales
Enhancement effects of Al nanoscales on all pigments classes were noted in variants with 50 and 250 mg/L. The increases of chlorophyll b and carotenoids were observed in variants with 500 and 750 mg/L of Al nanoscales. Our results of the study of the influence of Al nanoscales on the photosynthetic pigments content showed significant increases of chlorophylls and carotenoids in variants with treatment by 50 and 250 mg/L of Al nanoscales. Ascending the nanoscales concentration to 1000 mg/L led to decreasing the chlorophyll a content, while the contents of chlorophyll b and carotenoids remained above the control level. These pigments are considered adaptogens due to adaptive capabilities of molecules, which consist in quenching an excited state of chlorophyll and preventing the formation of singlet oxygen and other reactive oxygen species [12] .
The results of the study of the effects of Al nanoscales on the phenolic and anthocyanin contents showed that the addition of nanoscales induced the anthocyanins accumulation with a dosedependent relation (Fig. 2) .
Total phenolic compounds and anthocyanins are also able to function as potential antioxidants and are involved in the adaptive response under stressors influence [13] . The most significant increasing of anthocyanins was fixed in the variant with the maximal 1000 mg/L concentration of Al nanoscales -addition of 1000 mg/L of Al nanoscales led to the maximum stimulatory response -241 % of the control level. The sharp increase of the total phenolic content fixed in all variants of Al nanoscales treatments. The total phenolic content showed no significant difference between variants with 250, 500, 750, and 1000 mg/L. After a sharp increase in the variant with 250 mg/L of Al nanoscales, the total phenolic content remained at 130-145 % of the control level. While some results have been concerned with the toxicity of Al nanoscales to plants, others have focused on the possibility of using Al nanoscales as a fertilizer seeing enhancement effects. It was showed that, at the addition of certain concentrations of Al nanoscales, the plant growth, photosynthetic pigments, total phenolic and anthocyanin contents increase. Our experiments have provided evidence to characterize the morphofunctional responses of buckwheat plants as the hormesis -a dose-response phenomenon with the low-dose stimulation and high-dose inhibition [14] .
Conclusions. Thus, the presence of aluminum nanoscales in low concentrations (50 and 250 mg/L) induced the plant growth, phenolic compounds, anthocyanin accumulation, and led to increasing the chlorophylls and carotenoids content. Shoot and root growth stimuli and fixed beneficial action of Al nanoscales on morphofunctional traits at physiological and biochemical levels were interpreted as the hormesis phenomenon. 
